Kinetics for formate dehydrogenase of Escherichia coli formate-hydrogenlyase.
Kinetic parameters of the selenium-containing, formate dehydrogenase component of the Escherichia coli formate-hydrogenlyase complex have been determined with purified enzyme. A ping-pong Bi Bi kinetic mechanism was observed. The Km for formate is 26 mM, and the Km for the electron-accepting dye, benzyl viologen, is in the range 1-5 mM. The maximal turnover rate for the formate-dependent catalysis of benzyl viologen reduction was calculated to be 1.7 x 10(5) min-1. Isotope exchange analysis showed that the enzyme catalyzes carbon exchange between carbon dioxide and formate in the absence of other electron acceptors, confirming the ping-pong reaction mechanism. Dissociation constants for formate (12.2 mM) and CO2 (8.3 mM) were derived from analysis of the isotope exchange data. The enzyme catalyzes oxidation of the alternative substrate deuterioformate with little change in the Vmax, but the Km for deuterioformate is approximately three times that of protioformate. This implies formate oxidation is not rate-limiting in the overall coupled reaction of formate oxidation and benzyl viologen reduction. The deuterium isotope effect on Vmax/Km was observed to be approximately 4.2-4.5. Sodium nitrate was found to inhibit enzyme activity in a competitive manner with respect to formate, with a Ki of 7.1 mM. Sodium azide is a noncompetitive inhibitor with a Ki of about 80 microM.